A laser pulse with a power of -3 TW and a duration of 1 ps has been focused onto a gas. Ultrahigh-gradient electron acceleration has been observed in the laser-produced plasma with a density of -10'9 cm 3 when injecting 1 MeV/c electrons. The simulation of the laser-plasma interaction revealed the existence of ultrahigh-gradient wake fields excited due to self-modulation of the laser pulse and its electron acceleration, consistent with the experimental results. 
tion of large-amplitude, relativistic plasma waves because of their potential for ultrahigh-gradient particle acceleration. It is known that the laser pulse is capable of exciting a plasma wave propagating at a phase velocity close to the velocity of light by means of beating twofrequency lasers or an ultrashort intense laser pulse [1] .
Two schemes came to be known as the plasma beat-wave accelerator (PBWA) and as the laser wake field accelerator (LWFA). A possible advantage in the PBWA is efficient excitation of plasma waves due to the resonance between the beat frequency of the two lasers and the plasma frequency. On the other hand, a fine adjustment of the beat frequency with the plasma frequency is necessary. As a plasma wave builds up to a large amplitude, its amplitude saturates due to the nonlinear plasma oscillations and finally instabilities associated with ion motion disrupt coherent waves. The LWFA does not rely on resonant excitation of plasma waves so a fine tuning of the plasma density is not necessary. To achieve efficient excitation of large-amplitude plasma waves, alternative schemes have been proposed. The "pulse train LWFA" [2] can resonantly drive nonlinear plasma waves with optimized pulse width and interpulse spacings. The "self-modulated LWFA" [3] is accompanied by the resonant excitation of wake fields behind an intense laser pulse modulated due to the highly nonlinear laser-plasma interaction.
Excitation of wake fields and their electron acceleration have recently been reported in experiments using a terawatt ultrashort laser pulse. Laser-induced wake fields were first observed as coherent far-infrared radiation from laser-produced plasmas by Hamster et al. [4] . We demonstrated the acceleration of electrons due to wake fields excited by an intense short laser pulse in a moderate-density plasma [5] . We confirmed that electrons injected into the laser-induced wake field were accelerated in the average field gradient of 0.7 GeV/m in the linear regime of the plasma waves. We have made acceleration experiments in the nonlinear regime of plasma waves. This Letter reports the first observation of electrons accelerated by an ultrahigh accelerating field due to a self-modulated wake field mechanism and the results of a simulation analysis on laser-plasma interactions for the experiments in the nonlinear regime.
In this experiment [6] , the laser pulse was delivered by a Nd:glass laser system [7] electrons from the phase velocity of the plasma wave. Thus we can infer the peak accelerating field gradient of 30 GeV/m.
In order to elucidate the details of laser-plasma interactions, we have made simulation analyses for these experiments. Recent analyses of intense short laser pulses in plasmas indicate that modulation can occur due to 1D forward Raman scattering at an early propagation distance [9, 10] . In this limit, the ratio of the growth rate of 1D forward Raman scattering, I'~D, to that of self-modulation due to 2D effects, I2o, is estimated to be I~o /I2D = (k4R~/2ko)'/~, where k~= 2~/A", kq = 2'/A, and R is the laser spot radius at focus [10] . Since this ratio is -2 for our experiments, pulse modulation is expected to proceed predominantly in the 1D manner. The simulation reveals the self-consistent 1D evolution of a laser pulse and wake fields driven by its propagation in a plasma, based on a modified fully relativistic PIC (particle in cell)
code. Figure 3 shows a series of temporal evolutions of the intensity profile with an initial peak intensity of 2 X 10'6 W/cm, assuming the transmission ratio of about 20% due to defocusing of the laser beam in the created plasma compared to the expected vacuum focal intensity [11] . Modulation of the pulse appears after traveling 0.8 mm and remains during a propagating distance of 1.5 mm.
The amplitude of the wake field after traveling 1.5 mm is shown in Fig. 4 
